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72 The Journal of Thoracic and Cardiobjective: We reviewed the experience of 2 centers performing surgical ligation of
atent ductus arteriosus in preterm neonates to identify whether the choice of
urgical technique—suture ligation or clip application—affected outcome.
ethods: Between 2000 and 2005, 67 newborn infants had open surgical closure of
atent ductus arteriosus: 33 by suture ligation and 34 by clip application. The groups
ere similar in age and sex.
esults: The average length of the procedure was 55.8  13.7 minutes for suture
igation and 30.8  8.7 minutes for clip application (P  .05). Six neonates had
ntraoperative bleeding in the suture ligation group. Four patients had significant
ostoperative complications in the suture ligation group, compared with 2 in the clip
pplication group.
onclusions: This study demonstrates that clip application results in a significant
eduction in the operative time and, possibly, in less morbidity.
patent ductus arteriosus (PDA) is commonly present in premature infants
with hyaline membrane disease.1-4 In many low-birth-weight infants, the
ductus arteriosus fails to close spontaneously, and they subsequently show
igns and symptoms of poor perfusion and heart failure.5-7 Management of hemo-
ynamically significant PDAs in preterm neonates is directed at closing the duct
arly to avoid the effects of left-to-right shunting.8-11 This can be achieved by
harmacologic treatment or with surgical intervention.
Since the first successful surgical ligation by Gross and Hubbard12 in 1939, many
echniques have been described.13-16 Until recently, open surgical ligation has been
nchallenged as a safe and effective surgical technique for ductal closure.17 The
lassic open surgical technique involves complete dissection around the ductus and
ouble ligation with a multifilament ligature. A modification of the technique, to
educe the amount of dissection around the thin and friable ductus (and to reduce the
isk of catastrophic bleeding), involves the application of metal surgical clips.18,19
he purpose of this study was to compare the two techniques in neonates with
emodynamically significant PDA that necessitated surgical closure.
atients and Methods
his study involved a retrospective review of the clinical and operative records of neonates
ho had open surgical closure of PDA at 2 tertiary care pediatric centers (Waikato Hospital,
amilton, and Christchurch Hospital, Christchurch, New Zealand) during a 5-year period. Six
ediatric surgeons operated on all the patients. Patients were not selected randomly to either
rocedure but were treated according to the preference of the surgeon. In all cases, the
iagnosis of PDA was confirmed with 2-dimensional echocardiography. With patients under
eneral anesthesia, arterial lines were placed at the discretion of the anesthetists, and
vascular Surgery ● September 2006
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Dranscutaneous oxygen saturation monitoring was applied to the
ower limbs. Infants were positioned for a left posterolateral tho-
acotomy through the fourth intercostal space.
In the suture ligation (SL) group, the mediastinal pleura was
ncised along the aorta and ductus and reflected medially. The left
ecurrent laryngeal nerve was kept medially. The ductus was
leared of its surrounding adventitial tissue circumferentially to
llow the placement of a right-angle clamp behind it to pass a silk
igature. The duct was closed by using 2 silk ligatures. In the clip
pplication (CA) group, the left recurrent laryngeal nerve was
dentified and protected by keeping it medially, and after minimal
issection above and below the aortic ends of the ductus, one or
wo medium titanium clips (LIGACLIP; Ethicon Endosurgery Inc,
incinnati, Ohio) were applied to obliterate the PDA. The chest
as closed without a chest drain. After surgery, patients were
anaged in the neonatal intensive care unit.
The outcomes measured included the length of operation, in-
raoperative and postoperative morbidity, and requirement for
ransfusion. Data were compared with a 2-tailed Student t test.
inety-five percent confidence intervals were calculated, and sta-
istical significance was attributed at P  .05.
esults
here were 67 patients in the 5-year study population. The
esults are summarized in Table 1. The demographics of the
groups were similar. The duration of operation for SL was
ignificantly longer than for CA. In the SL group, intraop-
rative bleeding occurred in 6 infants, and 4 had significant
Abbreviations and Acronyms
CA  clip application
PDA patent ductus arteriosus
SL  suture ligation
ABLE 1. Summary of results
arameter SL group CA group
o. Patients 33 34
ge at operation (d) 14.2 1.8 15.2 2.5
eight at operation (g) 837 277 850 257
ale:female ratio 1.4:1 1.5:1
ize of duct on echocardiography
(mm)
2.8  0.7 2.7 0.6
perating time (min) 55.8 13.7* 30.8 8.7*
ntraoperative bleeding 6 (18%) 0
ostoperative morbidity 4 (12%) 2 (6%)
Pneumothorax 2 1
Left recurrent laryngeal nerve
injury
1 1
Chylothorax 1 0
Eventration of diaphragm, left side 1 0
lood transfusions 2 (6%) 0
L, Suture ligation; CA, clip application. Results are expressed as mean 
iD. *P  .05.
The Journal of Thoracicostoperative complications. All patients with a pneumo-
horax required intercostal drains, and the patient with chy-
othorax required ligation of a leaking lymphatic duct after
weeks and made an uneventful recovery. Two patients in
he SL group required postoperative blood transfusion.
inety-five percent confidence intervals for the differences
n means demonstrated a significant difference (P  .05)
etween operative times; however, the apparent differences
n the intraoperative and postoperative complications be-
ween the 2 groups did not reach statistical significance.
iscussion
he surgical closure of PDA in premature infants who do
ot respond to pharmacologic treatment has been shown to
e effective and relatively safe.20-22 Some surgeons use silk
igation of the ductus,23,24 whereas others have advocated
A.18,19,25 The results of this study show some benefits of
A over SL.
In preterm infants, tissues are thin and friable around the
uctus. In SL, this tissue has to be completely dissected
round the circumference of the ductus, so that a right-angle
lamp can be placed behind it to grasp the silk ligature. This
an be hazardous and may result in tearing of the friable
uctus. Occasionally, the ductus may tear because excessive
ension is placed on the ductus at the time of its ligation.
ometimes, because of the small size of the thoracic cavity,
he surgeon is physically unable to get his or her fingers into
he chest cavity, and this makes gentle ligation of the ductus
ore difficult. Once the ductus is torn, the bleeding that
nsues may be difficult to control and can be life-threatening.
he CA technique requires minimal dissection and reduces
he risk of this complication. In our study, 6 (18%) SL
atients had intraoperative bleeding, which was potentially
ife-threatening. Technically, CA is an easier operation to
erform than SL. The reported residual ductal patency rate on
uscultation after SL is 3% to 5%17,26,27; in our study, there
as no postoperative ductal patency in either group, and this
as confirmed by the absence of murmur. Thus, there was
00% successful closure of the duct with both techniques.
SL is a longer operation than CA. It necessitates longer
etraction of the left lung, thus prolonging the difficulties of
entilation in an already-compromised neonate. An opera-
ive technique that requires a shorter time may be beneficial
or these sick neonates. The shorter operative time for CA
robably resulted from the need for less dissection and
ontributed to minimal perioperative complications.
Vocal cord paralysis in premature infants undergoing
DA closure has been reported with both techniques. Fan
nd colleagues28 identified paralysis of the left vocal cords
n 4% of patients weighing less than 1500 g who had CA,
nd Davis and colleagues29 reported this complication in
.2% of patients closed by SL. In our study, its occurrence
n 1 patient who had CA may have been due to use of
and Cardiovascular Surgery ● Volume 132, Number 3 673
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Dlectrocautery during dissection or to the entrapment of the
erve in the clip. This highlights the importance of early
dentification of the nerve, careful dissection of periductal
issues, and careful clip placement. The incidence of pneu-
othorax necessitating de novo drain placement was similar
n both groups, and a similar finding has been reported by
thers.30 Complications such as chylothorax and phrenic
erve injury, although comparable in incidence to other
tudies,11,17,30 can pose a high risk for preterm neonates.
The relatively small number of patients in the study
eans that no statistically significant difference in periop-
rative morbidity could be established between SL and CA.
evertheless, our experience would indicate that CA is the
referred technique because of its relative technical simplic-
ty and shorter operative time.
eferences
1. Hack M, Friedman H, Fanaroff AA. Outcomes of extremely low birth
weight infants. Pediatrics. 1996;98:931-7.
2. Lemons JA, Bauer CR, Oh W, et al. Very low birth weight outcomes
of the National Institute of Child Health and Human Development
Neonatal Research Network, January 1995 through December 1996.
NICHD Neonatal Research Network. Pediatrics. 2001;107:E1.
3. Reller MD, Lorenz JM, Kotagal UR, et al. Hemodynamically signif-
icant PDA: an echocardiographic and clinical assessment of incidence,
natural history, and outcome in very low birth weight infants main-
tained in negative fluid balance. Pediatr Cardiol. 1985;6:17-23.
4. Su BH, Peng CT, Tsai CH. Echocardiographic flow pattern of patent
ductus arteriosus: a guide to indomethacin treatment in premature
infants. Arch Dis Child Fetal Neonatal Ed. 1999;81:F197-200.
5. Brown ER. Increased risk of bronchopulmonary dysplasia in infants
with patent ductus arteriosus. J Pediatr. 1979;95:865-6.
6. Dudell GG, Gersony WM. Patent ductus arteriosus in neonates with
severe respiratory disease. J Pediatr. 1984;104:915-20.
7. Martin CG, Snider AR, Katz SM, et al. Abnormal cerebral blood flow
patterns in preterm infants with a large patent ductus arteriosus.
J Pediatr. 1982;101:587-93.
8. Cassady G, Crouse DT, Kirklin JW, et al. A randomized, controlled
trial of very early prophylactic ligation of the ductus arteriosus in
babies who weighed 1000 g or less at birth. N Engl J Med. 1989;320:
1511-6.
9. Little DC, Pratt TC, Blalock SE, et al. Patent ductus arteriosus in
micropreemies and full-term infants: the relative merits of surgical
ligation versus indomethacin treatment. J Pediatr Surg. 2003;38:
492-6.
0. Merritt TA, Harris JP, Roghmann K, et al. Early closure of the patent
ductus arteriosus in very low-birth-weight infants: a controlled trial.
J Pediatr. 1981;99:281-6.
1. Wagner HR, Ellison RC, Zierler S, et al. Surgical closure of patent
ductus arteriosus in 268 preterm infants. J Thorac Cardiovasc Surg.
1984;87:870-5.
74 The Journal of Thoracic and Cardiovascular Surgery ● Septe2. Gross RE, Hubbard JP. Surgical ligation of a patent ductus arteriosus.
Report of first successful case. JAMA. 1939;112:729-31.
3. Transcatheter occlusion of persistent arterial duct. Report of The
European Registry. Lancet. 1992;340:1062-6.
4. Gray DT, Fyler DC, Walker AM, et al. Clinical outcomes and costs of
transcatheter as compared with surgical closure of patent ductus arte-
riosus. The Patient Ductus Arteriosus Closure Comparative Study
Group. N Engl J Med. 1993;329:1517-23.
5. Laborde F, Noirhomme P, Karam J, et al. A new video-assisted
thoracoscopic surgical technique for interruption of patient ductus
arteriosus in infants and children. J Thorac Cardiovasc Surg. 1993;
105:278-80.
6. Majid AA. Closure of the patent ductus arteriosus with a Ligaclip
through a minithoracotomy. Chest. 1993;103:1512-4.
7. Mavroudis C, Backer CL, Gevitz M. Forty-six years of patient ductus
arteriosus division at Children’s Memorial Hospital of Chicago. Stan-
dards for comparison. Ann Surg. 1994;220:402-9; discussion 409-10.
8. Adzick NS, Harrison MR, deLorimier AA. Surgical clip ligation of
patent ductus arteriosus in premature infants. J Pediatr Surg. 1986;21:
158.
9. Traugott RC, Will RJ, Schuchmann GF, et al. A simplified method of
ligation of patent ductus arteriosus in premature infants. Ann Thorac
Surg. 1980;29:263.
0. Brandt B, Marvin WJ, Ehrenhaft JL, et al. Ligation of patent ductus
arteriosus in premature infants. Ann Thorac Surg. 1981;32:166-72.
1. Ghosh PK, Lubliner J, Mogilnar M, et al. Ligation of patent ductus
arteriosus in very low birthweight premature neonates. Thorax. 1985;
40:533-7.
2. Mikhail M, Lee W, Toews W, et al. Surgical and medical experience
with 734 premature infants with patient ductus arteriosus. J Thorac
Cardiovasc Surg. 1982;83:349-57.
3. Eggert LD, Jung AJ, McGough EC, Ruttenberg HD. Surgical treat-
ment of patent ductus arteriosus in preterm infants. Four-year experi-
ence with ligation in the newborn intensive care unit. Pediatr Cardiol.
1982;2:15-8.
4. Niinikoski H, Alanen M, Parvinen T, et al. Surgical closure of patent
ductus arteriosus in very-low-birth-weight infants. Pediatr Surg Int.
2001;17:338-41.
5. Iwase J, Tajima K, Io A, et al. Less invasive surgical closure of patent
ductus arteriosus in extremely low birth weight infants. Jpn J Thorac
Cardiovasc Surg. 2003;51:651-5.
6. Panagopoulos PG, Tatooles CJ, Aberdeen E, et al. Patent ductus
arteriosus in infants and children. A review of 936 operations (1946-
69). Thorax. 1971;26:137-44.
7. Trippestad A, Efskind L. Patent ductus arteriosus. Surgical treatment
of 686 patients. Scand J Thorac Cardiovasc Surg. 1972;6:38-42.
8. Fan LL, Campbell DN, Clarke DR, et al. Paralyzed left vocal cord
associated with ligation of patent ductus arteriosus. J Thorac Cardio-
vasc Surg. 1989;98:611-3.
9. Davis JT, Baciewicz FA, Suriyapa S, et al. Vocal cord paralysis in
premature infants undergoing ductal closure. Ann Thorac Surg. 1988;
46:214-5.
0. Villa E, Eynden FV, Le Bret E, et al. Paediatric video-assisted thora-
coscopic clipping of patent ductus arteriosus: experience in more than
700 cases. Eur J Cardiothorac Surg. 2004;25:387-93.
mber 2006
